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@ Spindle device with a built-in motor. 

@ A spindle device with a built-in motor conrv 
prises a casing (18), a working spindle (26) 
having a large radius portion (21) formed with a 
bore (28) and a small radius portion (22) extend- 
ing from the large radius portion (21), the large 
radius portion (21) being housed in the casing 
(18), and the small radius portion (22) protrud- 
ing from the casing (18) and having a working 
tool (24) mounted thereon, a cylindrical motor 
rotor (33) attached to an inner surface of the 
targe radius portion (21) of the working spindle 
(26). a fixed shaft (36) provided in the casing 
(18) and loosely inserted into the motor rotor 
(33), and a motor stator (38) mounted on an 
outer surface of the fixed shaft (36) opposed to 
the motor rotor (33). The casing (18) Is formed 
with an air passageway (49) having a plurality of 
injection nozzles (48, 49) which are open at an 
inner sur^ce of the casing (18) opposed to an 
outer surface of the large radius portion (21) of 
the working spindle (26). The working spindle 
(26) that is rotating is supported by supplying 
air consecutively from the injection nozzles (48, 
49) to a narrow space (50) formed between the 
inner surface of the casing (18) and the outer 
surface of the large radius portion (21) of the 
working spindle (26). 
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A conventional spindle device with a built-in mo- 
tor is shown, for example, in Japanese laid-open put>> 
lication No. 3-3629. The spindle device comprises a 
motor casing, a spindle having its rear portion housed 
in the motor casing and its front portion protruded 
from the motor casing, a stator attached to the inner 
surface of the motor casing, and a rotor mounted on 
the outer surface of the spindle opposed to the stator. 
An end mill is nru>unted on the front portion of the spin- 
dle. The stator and the rotor as a whole constitute a 
built-in motor for rotating the spindle. An air passage- 
way is formed in the motor casing and the stator, and 
has an injection nozzle which is open at the inner sur- 
face of the stator. In this spindle device, the spindle 
that is rotating is supported by supplying air consec- 
utively from the injection nozzle to a narrow space 
formed between the stator and the rotor. 

In such a conventional spindle device, there is not 
provided a member for covering the outer surface of 
the rotor and such a rotor Is generally made from a rel- 
atively brittle material. Therefore, If the rotor Is rotated 
at a high speed such as 100,000 rpm., a large tension 
will occur in the interior of the rotor due to centrifugal 
forces and cause the outer surface of the rotor to be 
damaged. In addition, since the diameter of the space 
between the stator and the rotor is small, an effective 
area that undergoes an air static pressure (area of the 
inner surface of the stator and area of the outer sur- 
face of the rotor) Is narrow and therefore the support 
of the spindle is reduced in stability. 

It is, accordingly, an important object of the pres- 
ent invention to provide a spindle device with a built- 
in motor wherein the motor can be prevented from be- 
ing damaged during high-speed rotation and the sup- 
port of the spindle is enhanced in stability. 

SUMMARY OF THE INVENTION 

In accordance with an important aspect of the 
present invention, there is provided a spindle device 
with a built-in motor, which comprises a casing and a 
working spindle having a large radius portion formed 
with a bore and a small radius portion extending from 
the large radius portion, the large radius portion be- 
ing housed in the casing, and the small radius portion 
protruding from the casing and having a working tool 
mounted thereon. The device further comprises a cyl- 
indrical motor rotor attached to an Inner surface of the 
large radius portion of the working spindle, a fixed 
shaft provided in the casing and loosely inserted Into 
the motor rotor, and a motor stator mounted on an out- 
er surface of the fixed shaft opposed to the motor ro- 
tor, the motor stator and the motor rotor as a whole 
constituQng the built-in motor for rotating the working 
spindle. The casing is formed with an air passageway 
having a plurality of injection nozzles which are open 
at an inner surface of the casing opposed to an outer 
surface of the large radius portion of the working 



spindle. The working spindle that is rotating is sup- 
ported by supplying air consecutively from the injec- 
tion nozzles to a narrow space formed between the 
inner surface of the casing and the outer surface of 

5 the large radius portion of the working spindle. 

A rotational drive force is exerted on the working 
spindle by electromagnetic interaction between the 
motor rotor and the motor stator, and the working 
spindle is rotated at high speeds. When the working 

10 spindle is rotating at such high speeds, air is intro- 
duced Into the injection nozzles through the air pas- 
sageway and injected consecutively Into the narrow 
space between the casing and the large radius por- 
tion of the working spindle. As a result the working 

IS spindle that is rotating is supported by a static-pres- 
sure bearing formed by the air Injected to the space 
from the injection nozzles. Since the narrow space is 
positioned radially outwardly of the large radius por- 
tion of the working spindle surrounding the motor sta- 

20 tor and motor rotor and therefore is greater in diame- 
ter than the large radius portion, an effective area 
that undergoes the static pressure of the air becomes 
wider and the support of the working spindle by the 
static-pressure bearing Is enhanced in stability. In ad- 

25 dition, since the motor rotor Is attached to the inner 
surface of the large radius portion of the working 
spindle, the large radius portton covere the outer sur- 
face of the motor rotor and therefore centrifugal 
breakage of the motor rotor is prevented. If the large 

30 diameter portion of the working spindle covers the 
outer surface of the motor rotor, a, compression force 
will occur in the interior of the nrK>tor rotor due to cen- 
trifugal foroes. However, since a breakage limit by 
such a compression force Is generally higher than a , 

3$ breakage I imit by a tension force, breakage of the mo- 
tor rotor by the centrifugal forces can be prevented. 

The fixed shaft and the motor stator are formed 
with a second air passageway having a plurality of 
second injection nozzles which are open at an outer 

40 surface of the stator, and the working spindle that is 
rotating is supported by supplying air consecutively 
from the second injection nozzles to a narrow space 
formed between the motor stator and the motor rotor. 
In this construction, the motor rotor is prevented from 

45 contacting with the nrK>tor stator. The working spindle 
Is also supported by a static-pressure bearing formed 
by the air injected from the second injection nozzles, 
so the support of the working spindle is further en- 
hanced in stabllityi 

50 The working spindle is provided with a thrust- 

force receiving member; and a bearing block is 
formed with a groove into which the thrust-force re- 
ceuying member is inserted, and the groove is formed 
with- third Jnjectk)n nozzles so that a thrust force 

55 exerted on the working spindle is supported by inject- 
ing air from the third injection nozzles to the thrust- 
force receiving member. In this consfruction, the 
thrust force exerted on the working spindle that is ro- 
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tating is supported by the thrust-force receiving 
member, so that the axial position of the working 
spindle is maintained substantially constant. 

The thrust-force receiving body may extend radi- 
ally inward from the large radius portion of the work- s 
ing spindle. In this construction, an increase in the di- 
ameter of the device can be prevented and a dead 
space can be used effectively. 

The casing may be formed with a fourth injection 
nozzle opposed to a vertical end face between the io 
large and small radius portions of the working spin- 
dle, and the fixed shaft may also have an end face 
which is formed with a fifth injection nozzle opposed 
to a bottom surface of the bore formed in the large ra- 
dius portion of the working spindle. The thrust force is 
exerted on the working spindle Is supported by sup- 
plying air from the fourth injection nozzle to a space 
between the casing and the vertical end face of the 
working spindle and from the fifth injection nozzle to 
a space between the bottom surface of the bore of 20 
the large radius portion and the end face of the fixed 
shaft. 



BRIEF DESCRIPTION OF THE DRAWINGS 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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The at>ove and other objects and advantages will 
become apparent from the following detailed descrip- 
tion when read in conjunction with the accompanying 
drawings wherein: 

FIG. 1 is a longitudinal sectional view showing an 30 

embodiment of a spindle device according to the 

present invention; 

FIG. 2 is a cross sectional view of the device in 
FIG. 1 taken substantially along line 11-11 of FIG. 
1; 36 
FIG. 3 is a view taken substantially along the line 
IIMIIofFiG. 1; 

FIG. 4 is a fragmentary section showing a second 

emt)odiment of the spindle device according to 

the present invention; 40 

FIG. 5 is an end view showing the front cover 

plate of the second embodiment of FIG. 4; 

FIG. 6 is an end view showing the fixed shaft of 

the second embodiment of FIG. 4; and 

FIG. 7 is a fragmentary section showing a third 45 

embodiment of the spindle device according to 

the present invention. 
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Referring to Figs. 1 and 2, there is shown an enrv 
bodiment of the present invention. Reference numer- 
al 11 denotes a generally cylindrical casing main 
body, which has a front circular cover plate 1 2 mount- 55 
ed on the front end of the casing main body 11 and a 
rear circular cover plate 13 mounted on the rear end 
of the casing main body 11. The casing main body 11 



is closed at the front end by the front cover plate 12 
and at the rear end by the rear cover plate 13. Ring 
members 14 and 15 are inserted within the casing 
main body 11, and a distance piece 16 is interposed 
between these ring members 14 and 15. The outer 
surfaces of the ring members 14 and 15 are closely 
contacted with the inner surface of the casing main 
body 11. Between the ring member 15 and the rear 
cover plate 13 there is provkled a distance piece 17. 
The casing main body 11, front cover plate 12, rear 
cover plate 1 3, ring members 14, 1 5 and the distance 
pieces 16, 17 as a whole constitute a f bced casing 18. 

A main shaft 20 is disposed within the fixed cas- 
ing 18, and has a large radius portion 21 slightly 
smaller than the inner surfaces of the ring members 
14, 15 and a small radius portion 22 extending from 
the large radius portton 21. Between the large and 
small radius portions 21 and 22 there Is formed a 
vertical end face 23. A grinding tool (working tod) 24 
is screwed into the front end of the small radius por- 
tion 22 of the main shaft 20 and has a grindstone 25 
mounted thereon. The main shaft 20 and the grinding 
tool 24 as a whole constitute a working spindle 26. 
The large radius portion 21 of the working spindle 26 
is housed in the fixed casing 1 8, and the small radius 
portk>n 22 of the working spindle 26 extends through 
a bore formed In the front cover plate 12 and pro- 
trudes from the front cover plate 12. Between the 
front cover plate 12 and the small radius portion 22 
of the main shaft 20 there is provided a labyrinth seal 
27. The main shaft 20 is formed at the rear end face 
thereof with a large radius bore 28 extending toward 
the front end, so that the shaft 20 Is formed at the rear 
end portion with a cylindrical portion 29. 

A cylindrical motor rotor 33 is f bced to the inner 
surface of the cylindrical portion 29 of the main shaft 
20 by shrinkage fitting and has a permanent magnet 
or elecfromagnet. A fixed shaft 36 is fixed to the rear 
cover plate 13 of the f bced casing 18 and extends to- 
ward the front cover plate 12 and is loosely inserted 
into the motor rotor 33. At the position opposed to the 
motor rotor 33, a motor stator 38 s f bced on the fixed 
shaft 36 by shrinkage fitting. The motor rotor 33 and 
the motor stator 38 as a whole constitute a built-in nruv 
tor 39. 

The aforementioned ring members 14 and 15 are 
formed at their outer surface with circnjmferential 
grooves 42 and circumferential grooves 43, respeo- 
tively. These circumferential grooves 42 and 43 are 
communicated with the radially inner ends of an ax- 
ially extending passageway 44 fornried in the casing 
main body 11 . The raciially outer end of the axial pas- 
sageway 44 Is open at the outer surface of the casing 
main body 11 and (X)nnected to a source of air (not 
shown). The circumferential gr(x>ves 42 are commu- 
nicated with the outer ends of radial bores 45 formed 
in the ring member 14, respectively. Likewise, the cir- 
cumferential grooves 43 are communteated with the 
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outer ends of radial bores 46 formed in the ring menr>- 
ber 1 5, respectively. These radial bores 45 and 46 are 
equidistantly disposed In the axial direction of the ring 
members 14, 15. The inner ends of the radial bores 
45 and 46 are open at the inner surfaces of the ring 
members 14 and 15 and constitute injection nozzles 
47 and 48. The aforementioned circumferential 
grooves 42, 43, passageway 44, and the radial bores 
45, 46 as a whole constitute an air passageway 49. Air 
introduced in the injection nozzles 47, 48 through this 
air passageway 49 is injected consecutively and sup- 
plied to a narrow annular space 50 defined by the in- 
ner surfaces of the ring members 14, 15 and the outer 
surface of the cylindrical portion 29 of the working 
spindle 26. The radial distance of the annular space 
50, that is, the radial distance between the inner sur- 
faces of the ring members 14. 15 and the outer sur- 
face of the cylindrical portion 29 is extremely small 
(10 to 30 fim), so that the worlcing spindle 26 that is 
rotating is supported from the outside by a static- 
pressure bearing that is formed by the air injected to 
the annular space 50 from the injection nozzles 17 
and 48, without contacting with the ring members 14 
and 15. It is noted that the air supplied to the annular 
space 50 is exhausted to the outside through a cir- 
cumferential groove 52 formed in the distance piece 
16 and through bores 54 and 55 formed in the ring 
members 14 and 15. 

A plurality of circumferential grooves 60 are 
formed in the outer surface of the fixed shaft 36 op- 
posed to the inner surface of the motor stator 38, and 
are communicated with an air supply passageway 61 
formed In the fixed shaft 36. The air supply passage- 
way 61 is connected with a source of air (not shown). 
The motor stator 38 is formed with radial bores 62 
having radial inner ends respectively communicated, 
with the circurnferential grooves 60 formed in the 
fixed shaft 36. The radial outer ends of the radial 
bores 62 are open at the outer surface of the stator 
38 and constitute Injection nozzles 63. The afore men- 
tioned circumferential grooves 60, air supply passage 
61 and the radial bores 62 as a whole constitute a sec- 
ond air passageway 64. Air introduced in the injection 
nozzles 63 through this air passageway 64 is injected 
consecutively and supplied to a narrow annular space 
65 defined by the nrK>tor stator 38 and the motor rotor 
33. The radial distance of the annular space 65, that 
is, the radial distance between the outer surface of 
the motor stator 38 and the innersurface of the motor 
rotor 33 is extrenriely small (10 to 30 iun)^ so that the 
working spindle 26 that is rotating is also supported 
from the inside by a static-pressure bearing that is 

; .formed by the air injected to the annular space 65 
from the injection nozzles 63. It is noted that the air 

. supplied to the annular space 65 Is exhausted to the 
outside through an axially extending exhaust passa- 
geway 66 formed in the fixed shaft 36. The exhaust 
passageway 66 is also used as a bore through which 



a lead wire 67 extends from the motor stator 36 to the 
outside. 

In Figs. 1, 2 and 3, an annular receiving body 71 
Is attached to the cylindrical portion 29 of the main 

5 shaft 20 and protrudes radially inward from the cylin- 
drical portion 29. If the receiving body 71 is protruded 
radially inward, the outside diameter of the device can 
be reduced in comparison with the case that receiv- 
ing body 71 is protruded radially outward. In addition, 

10 a dead space can be utilized effectively. A cylindrical 
bearing block 72 is inserted on the fixed shaft 36 be- 
tween the motor stator 38 and the rear cover plate 1 3. 
Between the bearing block 72 and the motor stator 38 
there is provided a distance piece 73 for urging the 

15 bearing block 72 against the rear cover plate 13. A 
positioning pin 74 is inserted Into the bearing block 72 
and the rear cover plate 1 3 so that the bearing block 
72 can be prevented from rotating with respect to the 
rear cover plate 13. The bearing block 72 Is formed 

20 at the outer surface thereof with a circumferential 
groove 75 into which the radially Inner end portion of 
the receiving t)ody 71 Is Inserted. The circumferential 
groove 75 is formed at the vertical walls thereof with 
a first annular injection nozzle 76 opposed to one face 

25 of the radially inner end portion of the receiving body 
71 and a second annular injection nozzle 77 opposed 
to the other face of the radially inner end portion of 
the receiving body 71. Air is supplied to these injec- 
tion nozzles 76 and 77 through an air passageway 78 

30 formed In the bearing block 72, and the air passage- 
way 78 Is connected with a source of air (not shown) 
through a bore 79 formed in the rear cover plate 13. 
If the air introduced into the injection nozzles 76 and 
77 is injected toward the axially inner and outer end 

36 faces of the radially inner end portion of the receiving 
body 71, a thrust force transmitted from the working 
spindle 26 to the receiving body 71 Is supported by a 
thrust bearing formed by the air Injected from the in- 
jection nozzles 76 and 77, without contacting the re- 

40 ceiving t>ody 71 with the t>earing block 72. Since the 
air injected from the injection nozzles 76 and 77 is 
continuously supplied to narrow spaces 80 and 81 de- 
fined by the circumferential groove 75 and the receiv- 
ing body 71 and since the axial distances of the 

45 spaces 80 and 81 are very small, the aforementioned 
thrust force is strongly supported. 

The operation of the aforementioned embodi- 
ment of the present inventton will hereinafter be de- 
scribed. 

so It is now assumed that a rotational drive force Is 

exerted on the working spindle 26 by electromagnetic 
interaction between the motor rotor 33 and the motor 
stetor 38 and that the working spindle 26 is roteting 
at high speeds. The grindstone 25 of the grinding toot 

55 24 Is brought into contact with a workpiece, and a pre- 
determined grinding operation Is performed with re- 
spect to the workpiece. When the working spindle 26 
is rotating at such high speeds, air Is introduced Into 
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the injection nozzles 47 and 48 through the air pas- 
sageway 49 and injected consecutively into the nar- 
row space 50 between the ring members 14, 15 and 
the cylindrical portion 29 of the working spindle 26. 
As a result, the working spindle 26 that is rotating is 5 
supported in non-contact relationship from the out- 
side by the static- pressure bearing formed by the air 
injected to the space 50 from the injection nozzles 47 
and 48. Since the narrow space 50 Is positioned ra- 
dially outwardly of the cylindrical portion 29 surround- io 
ing the motor stator 38 and motor rotor 33 and there- 
fore is greater in diameter than the cylindrical portion 
29, an effective area that undergoes the static pres- 
sure of the air becomes wider and the support of the 
working spindle 26 by the static-pressure bearing is is 
enhanced in stability. In addition, since the motor ro- 
tor 33 is attached to the Inner surface of the cylindrical 
portion 29 of the working spindle 26, the cylindrical 
portion 29 covers the outer surface of the nfwtor rotor 
33 and therefore centrifugal breakage of the motor ro- 20 
tor 33 is prevented. If the cylindrical portion 29 covers 
the outer surfece of the motor rotor 33, a compression 
force will occurin the interior of the motor rotor 33 due 
to centrifugal forces. However, since a breakage limit 
by such a compression force is generally higher than 25 
a breakage limit by a tension force, breakage of the 
motor rotor 33 by the centrifugal forces can be pre- 
vented. In addition, when the working spindle 26 is ro- 
tating at high speeds, air is also Injected from the in- 
jection nozzles 63 into the narrow space 65 between 30 
the motor stator 39 and the motor rotor 33. As a result, 
the working spindle 26 that is rotating is also support- 
ed in non-contact relationship from the inside by the 
static- pressure bearing formed by the air injected to 
the space 65 from injection nozzles 63, and the sup- 35 
port of the working spindle 26 is further enhanced in 
stability. 

In addition, if, as described above, a workpiece is 
grounded by the grinding tool 24, a thrust force is 
exerted on the working spindle 26. However, since 40 
such a thrust force is supported by the air thrust bear- 
ing formed by the air injected from the injection noz- 
zles 76 and 77, the axial position of the working spin- 
dle 26 is maintained substantially constant during the 
grinding operatton. In addition, since the air injected 4S 
from the injection nozzles 76 and 77 is continuously 
supplied to the narrow spaces 90 and 91, the afore- 
mentioned thrust force is more strongly supported. 
Such an airthrust bearing can undergo a larger thrust 
force easily, as compared with an electromagnetic so 
bearing, and a stability of confrol can be enhanced. In 
additbn, control iri^tallatbn costs can be reduced in 
comparison with an electromagnetic bearing in which 
an electromagnetic control device is expensive. 

Referring to Figs. 4-6. there is shown a second 55 
embodiment of the present invention. In this embodi- 
ment, the receiving plate 71 and bearing block 72 of 
the first embodiment are omitted and a thrust bearing 



is provided in the vicinity of a front cover plate 12. 
That is, the front cover plate 12 is formed with an an- 
nular injection nozzle 85 opposed to a vertical end 
face 23 of a working spindle 26, and air is introduced 
into the Injection nozzle 85 through a passageway 86 
formed in the front cover plate 12. In addition, a fixed 
shaft 36 extends to the vicinity of the bottom surface 
of a large radius bore 28, as shown in Fig. 4, and the 
shaft 36 is formed at its firont end with an annular in- 
jection nozzle 87 to which air Is supplied through an 
air supply passageway 61. Therefore, if air is injected 
from the injection nozzle 85 to the vertical end face 
23 of the working spindle 26 and from the injection 
nozzle 87 to the bottom surface of the large radius 
bore 28 of the working spindle 26, a thrust force 
exerted on the working spindle 26 will be supported 
by an air thrust bearing formed by the injected air. In 
this embodiment, an increase in the outer diameter of 
the device can be prevented, a dead space can be 
used effectively, and a thrust bearing by air can be 
provided. Like the first embodiment, a space 88 be- 
tween the front cover plate 12 and the vertical end 
face 23 of the working spindle 26 and a space 89 be- 
tween the bottom surface of the cylindrical portion 29 
and the end face of the fixed shaft 36 are very small, 
so the thrust force exerted on the working spindle 26 
can be strongly supported. 

Fig. 7 shows a third embodiment of the invention. 
In this embodiment, unlike the first embodiment, an 
annular receiving body 90 is formed integrally with 
the cylindrical portion 29 of the working spindle 26, 
and the receiving body 90 extends radially outward 
from the cylindrical portion 29. In additton, a bearing 
block 91 is fixed to the inner surface of the casing 
main body 11 and formed with a circumferential 
groove 92 into which the radially outer end portion of 
the receiving t>ody gO Is inserted. The circumferential 
groove 92 is formed at the opposite vertical walls 
thereof with annular Injection nozzles 93 and 94. Air 
is introduced into the injection nozzles 93 and 94 
through an axial passageway 44 formed in the casing 
main body 11 and through a passageway 95 formed 
in the bearing block 91. Therefore, if the air infro- 
duced into the injection nozzles 93 and 94 is injected 
toward the receiving body 91, the thrust force exert- 
ed on the working spindle 26 will be supported by a 
thrust bearing formed by the injected air. As descri- 
bed above, if spaces 96 and 96 between the bearing 
block 91 and the receiving body 90 is made very nar- 
row, then the thrust force exerted on the working 
spindle 26 will be more strongly supported. The third 
embodiment of the present invention is also charac- 
terized in that the fixed shaft 36 is formed integrally 
with the rear cover plate 1 3 and a lead wire 67 extend 
from the motor stator 38 to the outside through a 
through bore 98 formed in the rear cover plate 13. 

While in the aforementioned embodiments each 
of the injection nozzles 76, 77, 85, 87, 93 and 94 is 
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constituted by an annular groove, it is noted that it 
may also be constituted by eight or more circular 
bores. In addition, an orifice or choke may be provided 
in each of the air passageways In the vicinities of the 
injection nozzles 47, 48, 63. 76, 77, 85, 87. 93 and 94. 

While the subjection invention has been descri- 
bed with relation to the preferred embodiments, vari- 
ous modifications and adaptations thereof will now be 
apparent to those skilled in the art. AM such modifica- 
tions and adaptations as fall within the scope of the 
appended claims are intended to be covered thereby. 
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space (65) formed between said motor stator (38) 
and said motor rotor (33). 

3. A device as set forth in claim 1, wherein said 
5 working spindle (26) is provided with a thrust- 

force receiving member (71, 90). and a bearing 
block (72, 91) is formed with a groove (75, 95) 
into which said thrust-force receiving member 
(71, 90) is inserted, and said groove (75, 95) is 
10 formed with third injection nozzles (76, 77; 93, 

94) so that a thrust force exerted on said working 
spindle (26) is supported by injecting air from said 
third injection nozzles to said thrust-force receiv- 
ing member (71, 90). 



Claims 

15 

1. A spindle device with a built-in motor, comprising: 

a casing (18); 

a working spindle (26) having a large ra- 
dius portion (21) formed with a bore (28) and a 
small radius portion (22) extending from said 20 
large radius portion (21), the large radius portion 
(21) being housed in said casing (18), and the 
small radius portion (22) protruding from said 
casing (1 8) and having a working tool (24) mount- 
ed thereon; 25 

a cylindrical motor rotor (33) attached to an 
inner surface of said large radius portion (21) of 
said working spindle (26); 

a fixed shaft (36) provided in said casing 
(18) and loosely inserted into said motor rotor 30 
(33); and 

a motor stator (38) mounted on an outer 
surface of said fixed shaft (36) opposed to said 
motor rotor (33), said motor stator (38) and said 
motor rotor (33) as a whole constituting said built- 36 
in motor for rotating said working spindle (26);. 

said casing (18) being formed with an air 
passageway (49) having a plurality of injection 
nozzles (48, 49) which are open at an inner sur- 
face of saki casing (1 8) opposed to an outer sur- 40 
faceof sakj large radius portion (21) of said work- 
ing spindle (26); 

said working spindle (26) that is rotating 
t>eing supported by supplying air consecutively 
from said injection nozzles (48, 49) to a narrow 45 
space (50) formed between said inner surface of 
said casing (18) and said outer surface of said 
large-radius portion (21) of sakl working spindle 
(26). 

so 

2. A device as set forth in daim 1, wherein said 
fixed-shaft (36) and said motor stator (38) are 
formed with a second air passageway (64) hav- 
ing a plurality of second injection nozzles (63) 
which are open at an outer surface of said stator 55 
(38), and said working spindle (26) that is rotating 

is supported by supplying air consecutively from 
said second injectbn nozzles (63) to a narrow 



4. A device as set forth in claim 2, wherein said 
working spindle (26) is provided with a thrust- 
force receiving member (71, 90), and a bearing 
block (72, 91) is formed with a groove (75, 95) 
into which said thrust-force receiving member 
(71 , 90) is inserted, and said groove (75, 95) is 
formed with third Injection nozzles (76, 77; 93, 
94) so that a thrust force exerted on said working 
spindle (26) is supported by injecting air from sakt 
third injection nozzles to said thrust-force receiv- 
ing member (71, 90). 

5. A device as set forth in claim 3, wherein saki 
thrust-force receiving body (72) extends radially 
inward from said large radius portion (21) of saki 
working spindle (26). 

6. A device as set forth in claim 3, wherein sakl 
thrust-force receiving t>ody (90) extends radially 
outward from said large radius portion (21) of 
said working spindle (26). 

7. A device as set forth in claim 4, wherein saki 
thrust-force receiving body (72) extends radially 
inward from said large radius portion (21) of saki 
working spindle (26). 

8. A device as set forth in claim 4. wherein said 
thrust-force receiving body (90) extends radially 
outward from said large radius portion (21) of 
said working spindle (26). 

9. A device as set forth in daim 1, wherein said cas- 
ing (18) is formed with a fourth injection nozzle 
(85) opposed to a vertical end face (23) between 
said large and small radius portions of said work- 
ing spindle (26), and said fixed shaft (36) has an 
end face which is formed with a fifth injection 
nozzle (87) opposed to a bottom surface of saki 
bore (28) formed in said [arge radius portion (21) 
of said working spindle (26), a thrust force exert- 
ed on said working spindle (26) being supported 
by supplying air firom said fourth injection nozzle 
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(85) to a space (88) between said casing (1 8) and 
said vertical end face (23) of said working spindle 
(23) and from said fifth injection nozzle (87) to a 
space between said bottom surface of said bore 
(28) of said large radius portion (21 ) and said end s 
face of said fixed shaft (36). 

10. A device as set forth in claim 2, wherein said cas- 
ing (18) is formed with a fourth injection nozzle 
(85) opposed to a vertical end face (23) between io 
said large and small radius portions of said work- 
ing spindle (26), and said fixed shaft (36) has an 
end face which is formed with a fifth injection 
nozzle (87) opposed to a t>ottom surface of said 
tx^re (28) formed in said large radius portion (21) is 
of said working spindle (26), a thrust force exert- 
ed on said working spindle (26) being supported 
by supplying air from said fourth injection nozzle 
(85) to a space (88) between said casing (18) and 
said vertical end face (23) of said working spindle 20 
(23) and from said fifth Injection nozzle (87) to a 
space between said bottom sur^ce of said t>ore 
(28) of said large radius portion (21) and sakJ end 
face of said fixed shaft (36). 
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FIG. 2 
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FIG. 4 
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FIG. 5 
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FIG. 7 
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I A spindle device with a tuMAn motor com- 
prises a casino (18)* ^ woridng spindle (26) 
having a iaige redlua portion (21) fonnad with a 
bora (2Q and a antaii radkis portion (22) axtand- 
mg from the large radius portion (21), the laige 
radius portion ^1) being housed in the casing 
(laX and 0ie small radhjs portion (22) protrud- 
ing from the casing (1Q and havbig a woridng 
tool (24) mounted thereon, a cylindrfcal motor 
iotor (33) attached to an inner surtea of the 
large radius portion (21) of the woridng splndto 
(26X a fixed shaft (38) provided to the casing 
(IS) and loosely inaerted Into the motor rotor 
(331 and a motor atatar (38) nnounlBd on an 
outer surfBoe of the fixed shaft (36) opposed to 
the motor rotor (33). The casing (iq la formed 
with an air passageway (48) havtog a piurally of 
ii^ection nozzles (48, 49) which are open at an 
inner suriisoe of the casing (18) opposed to an 
outer surfiaoe of the laige redus portion (21) oT 
the woridng spindto (26). The woridng splndto 
(26) that is rotating is aupportad by supplying 
air oonseouttvely from the Injection nozzlea (48^ 
49) to a narrow spaoe (50) Ibmned between the 
inner suritee of the casing (18) and the outer 
surface or the laige radius portion (21) of the 
woridng spindle (2^ 
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